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(54) 4-OXO^H-BENZOPRYAN DERIVATIVES AND PROCESS 
FOR THEIR PREPARATION 

ni) We, PnZER UMITED. a BriUsh Company of Ramsgatc Road, 
Sandwich. Kent, do hereby declare the invcnUon for which we pr^ that a patent 
may be Ranted to us. and the method by which it is to be performed, to be 
particularly described in and by the foflowing statenjenl:— ^. i , 

This invention relates to 4-oxo-4H4)enzopyran dcnvativcs and is particularly 
concerned with a process for the preparation of 3-substituted 4-oxo-4n- 
bcnzopyrans from hydroxy-phenyl ketones by reacting thcin with a formylating 
reagent of the ^^eier type in the presence of boron-tnfluonde ctherate. and 
with novel 3-substituted 4-oxo^H-bcniopyrans. 

Many 3-substituted-4-oxo^H-benzopyrans arc. known and in particular, 
various 3-phenyl derivatives (isoflavoncs) have been proposed in the past as feed 
addiUvcs ^pable of promoting the growth or improving feed conversion efTiciency 
in cconoraicany important iiimak Other 3-substitutcd-4-oxo^H-ben2opyrans 
have been proposed as anti-aDergic drugs. . . j r 4U 

Existing processes for the preparation of such compounds are frcquenUy 
multistage and of limited utDity; as for example the synthesis of Koflavones 
described by Baker and OUis (Nature. 1952, 169. 706) and by Baker. Chaddcrton, 
. SrS; a^d OIlis (J. Chem. W 1953. 1852). The f |»^<;,^tone«r re^^^^^ 
has been described by Kagal, Nair and Venkataraman (Tet. Letters. 1962. 593) but 
this process is not of general utility. For example it faOs m the <»se of polyhydroxy. 
phenyl ketones. In addition when isoflavones are prepared by this process the 
major product is commonly a compound in which the aromatic ring is fonnylated. 
Ring formylatcd by-products are in any case often present in the product obtamed 

by ^ yJJ'^yl^'jjjj^ discovered a general process for the preparation of 3- 
substhutcd^x<>4H-bcnzopyrans from 2-hydroxy-phcnyl ketones m which the 
use of a formylating reagent of the Vilsmeier type m the presence of boron. 
triHuoride cthcrate enables the preparation of such compounds m a single stage 
without the formarion of ring fonnylated by-products. 

Thus, the invention provides a process for the preparaUon of compounds ol 
the general formula: — 
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a) 



in which R" represents an aryl group, a heteroaryl group, a cycloalkyi group, an 
arallg^l group, a lower alkoxy group, an aryloxy group, or an aryl-sulphonyl group; 
35 R' represents a hydrogen atom or a lower alkyl group; and the ring A may 
optionally be substituted with one or more halogen atoms or hydroxyl, lower alkyl 
or lower alkoxy groups; which comprises reacting a 2-hydroxy-phenyl ketone of 
the formula: — 



35 



2 
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(wherein and the ring A are as previously defined) with at least one molar 
proportion of an N,N-diallo^l or N-alkyl-N-aryi-amide of formic or a Qt to C, 
alkanoic add and a strong acid chloride, as herein defined, in excess , amide 
5 reagent or in a reaction inert organic solvent,, in the presence of boron*lrifluoride S 

etherate, followed in the case where ring A is suostituted \wth one or more 
hydroxyl groups and an amide of a Cj to Q alkanoic acid is used, by. hydrolysis of 
the resulting O-acylated product 

In the above and elsewhere in this specification the term lower a^Hed to an 

10 alkyl or alkoxy group indicates that such a group contains up. to 4 caroon atoms 10 
and may be straight or branched chain. Halogen means fluorine, chlorine, bromine 
or iodine. By "ar^" is meant an aromatic hydrocarbon group, eg. a phenyl or 
naphthyl group, which may or may not be substituted; by "hcteroaryr is meant an" 
aromatic heterocyclic group, e.g, a pyridyl group; by "aralkyl" is meant an aryl- 

15 substituted lower alkyl group. ^ 15 

In the reaction, acylation of the activated methylene group is accompamed by 
concomitant ring closure, to yield, after suitable work*up, the benzopyran 
compounds of formula (I). 

The strong add chloride is defined as phosphorus oxycbloride, thionyl 

20 chloride, phosgene, oxaloyl chloride, methane-sulghonyl chloride,.. benzene- 20 

sulphonyl chloride or para-tolucnc-sulphonyl chlonde: -Particulaiiv preferred 
reagents fpr effccdng the cyclisation arc N,N-dimethylfDrmamide- or NJ^- . 
dimethylacetamide with methane-sulphbnyl chloride in the prince of boron- 
trifluoridc etherate. The reaction is preferably carried oiit with the 2- 

25 hydroxyphcnyl ketone dissolved in a solvent consisting- of excess dry 25 

dimethylfonnanude or dimethylacetamide (depending on whether is to be 
hydrogen or methyl), and to this solution may be added the' boron-trifluoiide 
etherate, preferably m an amount of from 3 to ^ equivalents, based on amount of 
ketone used. A solution containing methane-sulphonyi chloride dissolved in excess 

30 ' . dry diracthylformamide or dimcthyl-acctamide is then added, preferably in excess 30 
(allowing 1 equivalent excess of methane-sulphon^ chloride for each hjrdroxyl 
group present in the ketone used), and the. mixture is then heated until the reaction 
is complete. We have found that when the reaction is performed 2X 80*C e,g., by 
heating on a steam bath, the reaction is substantiall)[ complete ^thm 2 hours; The 

35 product iis then conveniently isolated from the reaction mixture by adding wattr to 35 

the cooled reaction mixture or by pouring into a large volume of cold water. The 
solid product is recovmd by filtration and further purification, if required, can be 
effected by recrystallisation. In the case where dimeth^dacetamide is used as the 
solvent to give the 2-methyl compounds of formula (I) where R^CHj, the product 

40 is initiiaDy isolated with any hydroxy group present as substituents in ring A 40 

acetylated. The free hydroxy groups may be readfly regenerated by mild acid 
hydrolysis. 

- We have found the present process to be useful for the preparation of 
compounds of the formula J wherii the ring A is substituted with a hydroxyl group 
45 in the 5 and/or 7 positions and to be particularly advantageous for the synthesis of 45 

- 5,7-dihydroxy-isoflavones of the formula: 

OH o 



where R* is a phenyl' or substituted phenyl g«>«P» and for the synthesis of novel 3- 
substituted 4-oxo-4H-ben2opyrans of fonnula (I) where R' is hydrogen and R' is as ■ 

50 previously defined other than a phenyl, substituted phenyl or heteroaryl group. 5 
The starting materials of formula (II) are generally known compounds or arc 
rcadUy accessible by conventional methods. For example, they may be obtained 
by the Houben-Hoesch reaction of a hydroxy-phenol with a nitrile.of the formula 
R^CHjCN or by a Friedel-Crafts reaction between a phenol and an acid of the 

55 formula R^CHjCOOH or an ester, acid chloride or anhydride thereof. c 
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The present invention also provides certain novels 5,7-dihydroxyisonavones 

of formula (III) above wherein is a 4-isopropyl-phcnyl, 4-bromo-phcnyl,;7-loIyl, 

3-chloro-phenyl, /^biphenyl or 4^inethanc-suJphonyloxy-phenyl groap. 
" Also arc provided novel 3-substitutcd-4-oxo-4H-benzopyrans of formula (I) in 

5 which 'R' is a hydrogen atom and is as previously defined other than a phenyl, 5 

substituted phenyl or heterbaryl group including the following: 

5,7-dihydroxy-3-benzyl-4-oxo-4H-ben2opyraii, 

5,7-dihydroxy-3-phenylsulphonyl-4-oxo-4H-ben2opyran, 

5,7-dihydroxy-3-(4-mcthoxyphenoxy>4-oxo-4H-ben2opyran, 
10 5,7-dihydroxy-3-methoxy-4-oxo-4H-bcnzopyran, . 10 

7-hydroxy-3-{naphth-l-yl>4-oxo-4H-benzopyran, 

7-hydro;Q^-3-(Daphth-2-yl>4-oxo-4H-benzopyran, 

5- hydroxy-37(4-hydroxy-benzyl>7-methyl-4-oxo-4H-benzopyran and compounds 
in which R' is a cycloalkyl group containing 5 or 6 carbon atoms, e.g.: 

1 5 6-hydroxy-3-cyclohexyl-4-oxo-4H-bcn2opyraD, 1 5 

7-hydroxy-3-cycIopentyl-4-oxo-4H-benzopyran, 

6- hydroxy-3^yclopentyl-4-oxo-4H-beii2op3rran, and 
6-chIoro-7-hydrox>-3"Cyclohcxyl-4-oxo-4H-benzopyran. 

The novel compounds of the invention are useful for promoting growth or 
20 improving feed conversion efficiency in animals. One particularly preferred novel 20 
compound of the invention is 7-hydrox^-3-{naphth-2-yl)-4-oxo-4H-ben2opyran. The 
compound of formula (I) may be adzm'nistered in the animal feed or dnnk, or it 
may be administered to the animal orally in other ways, or parcnterally or as an 
implant. When it is administered in the feed it may be added thereto in amounts of 
25 from 1 g to 100 g per tonne of feed. For convenience of distribution it will, 25 
however, normally be marketed in the form of a concentrate in which the 
compound is mixed with an inert diluent such as limestone or oystershell powder 
«or with other feed components, e.g. at levels of from I to 100 g per kg of 
concentrate. 

30 Thus, also according to the invention there arc provided feed compositions 30 

for animals which comprise a nutritionally balanced feed composition in which is 
incorporated a growth promoting or feed conversion efficiency improving amount 
of a novel compound of the formulae (I) or (HI) 

Also according to the invention, a composition suitable for adding to animal 

35 feeds comprises a novel compound of the formulae 0) or {ID) together with a solid 35 
diluent compatible with animal feeds. 

For oral or parenteral administration, or for administration as an implant, the 
compound of formula (1) may be used as such, but will more generally be used in 
admixture with a pharmaceutical carrier selected with regard to the intended 

40 mode, of administration and according to veterinary pharmaceutical practice. 40 
For example, it may be administered orally as a bolus or capsule containing 
excipients such as starch or lactose,, or* as a. drench consisting of a solution or 
suspension of the compound is an aqueous vehicle containing flavouring matter if 
necessary. For parenteral administration^ , e.g. by depot injection, it may be 

4S . administered as a suspension in a phamiaceutically-acceptable oil, e.g. arachisoil, 45 
suitable for dosages being in the range from. 0.1 to 100 mg per animal. For 
administration as an implant, it may be formulated as a pellet with an excipient 
such as maize starch, lactose or glycine to release the active ingredient at an 
apropriatc rate. Such pellets for implants may suitably contain from 50 to 80% of 

50 the active in^edient by weight. 50 
The invention will now be more particularly described by reference to the 
following Examples which illustrate the novel process of the invention and 
describe the preparation of the novel compounds of formulae J and 111. 

EXAMPLE 1. 

55 2,4,6-Trihydroxy-phenyl 4.methl-benzyl-ketone (13.0 g) was dissolved in dry 55 

dimelhylformainide (100 ml) and bOrpn-trifluoride etherate (42.4 g) was added 
cautiously, with stirring. A solution of mctbane-sulphonyl chloride (17.3 g) 
dissolved in dry dimethylformamide (100 ml) was added and. the mixture was 
heated for 2 hours on the steam bath. The reaction mixture was cooled, poured 

60 slowly into cold water (1 1) with stirring and aDowed to stand overnight. The solid 
product was collected by filtration and recrystallised from a mixture of elhanol 
and water to yield 5,7-dihydroxy-3-p-tolyl-4-oxo-4H-bcnzopyran. (11.5 g, 85% 
yield), m.p. 215— 2t7*C. (Found: C, 71.3; H, 4j6. C^H^jO^ requires C, 71.6; H, 
4.5%) 
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EXAMPLES 2 to 16. 
The following 3-subslhutcd-5,7-dihydroxy-4-cxo-4H-ben2opyrans were 
prepared starting from the appropriate 2,4,6-tTihydroxy-phenyl ketone by the same 
procedure as described in Example 1 . Table I shows the 3-substituent (R^) together -r 
5 with the melting point and analytical data for the compounds. In all cases the 5 

compounds were shown to be single component by TLC and. the structures were 
confirmed by NMR and IR spectroscopy. 
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TABLE I 

5,7-Dihydroxy-4-oxo-4H-ben2opyrans (formula III) 



o 



ExqibdIc 




ra.p. °C 


Analysis .% 
(Theoretical in brackets) 


2 




211-213° 
(lit.' 211-2120) 




3 


-G 


>330« * 


C. 52.0; H. 2,7; N. 3.9 
(C. 52.0; H^.7;N. 3.8)* 


4 




225-226° 
(lit ' 994—115°) 




5 




136—137° 


C, 72.7; H, 5.4 
(C, 73.0; H. 5.4) 


6 




250-252° 


Q 53.7;.H, 2.8 
. (C, 54.1; H. 2 7) 


7 


-a 


230° 


C. 62:25; H. 3-1 ^ 
(C, 62.4; H, 3.1) 


S 




301—303° 
lil/.294-295°) 


(C, 59.3; 3.1; N. 4.6)* 


. 9 




195-196° 
(lit.' 206-208°) 




10 




245-247° 


74.7; H. 4.4 
(C. 74.3; H, 4.45)* 


11 




236° 
Oil.' 236-237°) 




12 • 




178° 


C, 52.iS;H. 3.55 
(C, 52.2; H, 3.7)' 


•13^ 




.233-235° 


C. 56.5; H. 3.4 
(C, 56.6; H, 3.2) 
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TABLE I (cont.) 
5,7-Djhydroxy-4-oxo-4H4)cn2opyians (formula III) 



Example 




m.p:.oC 


Analysis % 
(Theoretical in brackets) 


14 




177f-178« 


C, 70.7; H; 4.5 
(C,70.5;H. 4.6)* 


15 


-OCH, 


229-23 1<» 


C, 57.2: H. 3.8 
(C,57.7;H, 3.9) 


16 




180« 


C, 62.36; H, 4,10 
(C. 62.16; H. 4,23^ 



' Biochanin A^ * Calculaud for H^O. 

• J. Med. Chcm.. 1967, JO, 154. ' Calculated fot YiHfi. 

* J. Chero. Soc, 1953, 1852 * Tiifluoroacetale salt 



EXAMPLES 17 to 30. 
The foDowing 3-substltulcd-4-oxo-4H-ben2opyrans were prepared from the 
appropriate di-hydroxy-phcnyl ketone by ihc same procedure as described in 
Sample 1. Table 2 shows the structures of compounds prepared together with 
their melting points and analytical data. The compounds were shown to be single 
component by T.L.G. and the structures were confirmed by NMR and IR 
spectroscopy. 
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WHAT WE CLAIM IS:— 

1. A process for the preparation of compounds of the general formula: 



30 



O 



in which represents an aiyl group, a hetcroaiyl group, a cycloalkyl group, an 
aralkyi group, a lower alkoxy group, an aryloxy group, or an aryl-sulphonyl group; 

represents a hydrogen atom or a lower alkyi group; and the ring A may 
optionally be substituted with one or more halogen atoms or hydroxyl, lower alkyl 
or lower alkoxy groups; which, comprises reacting a 2-bydroxy-phenyl ketone of 
the fonnula: 



IP (ID 10 

(wherein and the ring A are as previously defined) with at least one molar 
proportion of an N^-dialkyl or N-alkyl-N-aryl-amidc of formic or a C, to C, 
aJkanoic acid and a strong acid chloride as herein defined, in excess amide reagent 
or in a reaction inert organic solvent, in the presence of boron-lrifluoridc etherate, 

15 followed, in the case where ring A is substituted with one or more hydroxyl groups 15 

and an amide of a*Q to Cj.aBcanoic acid is.used, by hydrolysis of the resulting O- 
acylated product. . - vt 

2. A process as claimed in claim 1 when performed . m excess N,N- 
dimethylformamide or N,N-diincthylacetamide as solvent. . 

20 ■ 3. A process as claimed in clarai 1 or 2 wherein the strong acid chloride is 20 

raethane-sulphonyl chloride. 

4. A process for the preparation of compounds of the formula (I) as claimed:in 
any previous claim wherein the ring A is substituted with a hydroxyl group in the 5 
andkt 7 positions and R' and R* are as previously defmed. 

25 5. A process as claimed in claim 4 wherein the group R* is a phenyl or 25 

substituted phenyl group and the ring A is isubstituted with a hydroxyl group in the 
5 and 7 positions. 

6. A process as claimed in claims 1, 2 or 3 wherein R' is hydrogen and the 
group R' IS other than a phenyl, substituted phenyl or heteroaryl group. 

7. A process as claimed in claim 1 substantially as described in any one of the 30 
Examples. 

8. Compounds of the formula: 



OH p 

(in) 



OH o 



wherein R* is a 4-isopropyl-phenyli 4-brpmo-phenxl, p-tolyl, 3-chIoro-pheny], p- 
35 biphenyl or 4-methanesulphonyloxyphenyl group. 35 

9. Compounds of the formula (I) in which R^ is hydrogen and R' and ring A 
are as defined in claim 1 other than those in which R* is a phenyl, substituted 
phenyl or heteroaryl group. 

10. A compound as claimed in claim 9 in which R' is a cycloalkyl group 

40 containing 5 or 6 carbon atoms. 40 

11. 7-hydroxy-3-(naphth-2-yl)-4-oxo-4H-benzopyran. 

12. A method of promoting growth or improving feed conversion efficiency in . , 
non-human animals v/hich comprises administering an effective amount of a 
compound as claimed in any one of claims 8 to 1 1 . 

45 13. A feed composition for animals which comprises a nutritionally balanced 45* 

feed composition in which is incorporated a growth promoting or feed conversion - 
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efficiency improving amount of a compound as claimed in any one of claims 8 to 
11. 

14. A composition suitable for adding to animal feeds comprising a compound 
as claimed in any one of claims 8 to 11, together with a solid diluent compatible 
c with animal feeds. i 

P. C. C. GRAHAM. 
Chartered Patent Agent, 
Agent for the Applicants. 
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